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INTRODUC'I' ION 
Intercollegiate swimmers have developed a high level 
of cardiovascular fitness (Sobolova et al., 1971) which 
is due to genetic characteristics as well as swim training 
(Holmer & Astrand, 1972). A rigorous training program affects 
several characteristics of aerobic capacity such as cardiac 
output, stroke volume, vital capacity and total hemoglobin 
count. Individuals beginning swim training as children 
have exhibited increases in all of these characteristics 
in relation to untrained children of the same age (Eriksson 
et al., 1971). Increases in cardiovascular fitness have 
been found to correlate closely with the training intensity 
of the individual's swim program; the more intense the 
training, the greater the degree of cardiovascular fitness 
(/' 
(Astrand et al., 196 3) . The only significant change after 
swim training has ceased (average of five years) is a de-
crease in the hemoglobin count which coincides with a sub-
stantial decrease in aerobic capacity. (Eriksson~ et al., 
1971) . 
'rhe best single measure of aerobic capacity is maximum 
oxygen uptake (Cook & Brynteson, 1973). The bicycle ergo-
meter provides an accurate me·thod of_ measurin..g external 
work and nomograms are available for calculating the maximum 
oxygen consumption (Bobbert, 1960). 
1 
2 
The rating scales for the Cooper 12 minute fitness 
tests (run or swim) have been developed using individuals 
of various degree of fitness, but not persons specifically 
trained for the activity being tested. Even though other 
factors, such as swim technique may be involved, maximum 
oxygen consumption and swim results are closely correla·ted 
the best trained swimmers are are able to swim at a given 
speed v1ith a lower oxygen uptake (Holmer, 1972). 
It would facilitate the coaching process if coaches 
could compare the various levels of cardiovascular fitness 
that their swimmers have· attained. The purpose of this 
study was to determine the relationship between maximum 
oxygen uptake e.nd the 12, nine, six and three minute aerobic 
swim perfonMnce tests in intercollegiate male and female 
swimmers •. 
-------~ 
MATERIALS AND METHODS 
Ten female and eleven male members of the UOP intercol-
legiate swim t.eam between the ages of 18 and 21 were involved 
in this study. The distance each individual covered during 
a 12, nine, six and three minute aerobic swim was measured. 
Tests for each dist~nce were conducted about one week apart 
and testing was incorporated into either the swimmer's 
morning or afternoon workout. Tests were conducted near 
the end or immedately following the competitive season. 
The swi~~er's oxygen consumption was then determined 
two to three weeks following the completion of the competi-
tive season. Each swinwer participated in a submaximal 
stress test involving arm cranking.and leg.work on a Monark 
bicycle ergometer. The heart rate was monitored on the 
Grass Polygraph EKG machine at rest and during the last 
0 
twenty seconds of each minute during the test. The Astrand-
Rhyming Nomogram was used to determine each swimmer's aerobic 
capacity during leg work on the bicycle ergometer. 
Since norms have not been established for arm cranking 
tests, a group of non-swimmers were tested for comparison 
with the swimmers. These subjects consisted of 17 male 
and 15 female students from the University of the Pacific. 




Leg work was tested in an upright sitting position 
on the bicycle ergometer. The submaximal test began with 
a three minute warm-up at 300 kilopond meter (I<pm). One 
kilop~:md meter is defined as the force acting on the mass 
of one kilogram at normal acceleration of gravity at the 
D 
r-------~height~o~f~o~n~e~m=e=t~e=r_,(~A~s~t~r=a~n~a~,~l~9~). The workload was 
pushed at 50 cycles per minute which was timed with a metro-
nome. A two minute rest followed the warm-up. The initial 
test workload was 600 Kpm. The workload was increased 
150 Kpm ~very two minutes until the subject reached a heart 
rate between 130-140 at which time the workload was increased 
75 Kpm every two minutes. After reaching a heart rate 
of 130-140, the workload was not increased until the heart 
- rate stabilized within five beats of the previous reading. 
The test was completed when each individual had reached 
a heart rate between 170-180 or when the subject could 
no longer push the workload at the desired speed. The 
resting heart rate was monitored until it had dropped below 
100 or after eight minutes of rest. 
Arm Work 
The subjects were tested in a prone position. The 
\'~arm-up consisted of three minutes at 150 Kpm 'followed 
by a two minute rest period. The initial test workload 
-· ·----·--···--------~--------
5 
began at 300 Kpm. As with the leg cranking test, the work-
load was increased 150 Kpm while the heart rate was below 
130-140. Once it reached this level, the workload was 
increased 75 Kpm each time the heart rate leveled off. 
The test was completed when"the heart rate reached 170-180 
or when the subject could not longer push the workload. 




In the Cooper twelve minute aerobic swim test, all 
the male and female swimmers placed in the excellent cate-
gory ('I'able 2) • The male swJ.mmers completed 46.5 to 40 
laps while the female swimmers completed 42.5 to 38.5 laps. 
The nine minu·te swim results varied from 36 to 30 laps 
completed by the male swimrners while the female swimmers 
completed 31.:5 to 28 laps. In the six minute test, the 
male swinvners completed 24 to 20 laps while the female 
swimmers completed 21.5 to 18.5 laps. The final test per-
formed was a three minu·te swim in which the men completed 
12 to 10 laps while the women completed 11.25 to 10 laps. 
Predicted Maximal Oxygen Uptake 
When tested. on the bicycle ergometer, the maximum 
oxygen uptake of the male swimmers varied from 56.29 to 
37.9 milliliters of oxygen per kilogram per minute (ml 
02/Kg/min). These results placed the swimmers in categories 
from good to poor. The maximum oxygen uptake in liters 
per minute was 4. 42 to 3. 01 which placed the male S\vimmers 
in categories ranging from excellent to poor. 
The female swimmers had values of 60.43 to 37.84 ml 
02/Kg/min which placed the female swimmers in the excellent 
to poor categories. Scores of 3.66 to 2.58 liters per minute 
6 
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placed the female swimmers from excellent to good (Table 1). 
When comparing predicted maximum oxygen uptake and 
the 12, nine, six and three minute swim tests, no obvious 
correlation was found (Tables 1 and 2). 
~he Dice-Lerras Diagram Method was used to compare 
the swimmers maximum oxygen uptake (ml/kg/min) vlith the 
worKload pertormed~Kpm) on the bicycle ergometer. Even 
though the males were able to reach higher workloads, no 
significant difference was found. When comparing the mean 
values of the swimmers in the :fitness categories, the women 
'displayeq a higher mean value (46.18 ml/Kg) and were ranked 
in the good category while the men displayed a mean .of 
44.69 ml/Kg which placed them in the fair category (Figures 
1 and 2) • 
Leg Work 
With the exception of tt:Ie. 600 Kpm workload, signifi-
cantly different heart rates were evident at respective 
workloads when comparing the male and female swimmers. 
No significant difference was evident when comparing the 
recovery heart rates of the swimmers after leg work. The 
mean heart rate after six minutes was 100 beats per minute 
(Figure 7 and 8) (Table 9 and 10). 
The men reached workloads as high as 1500 Kpm whereas 
only one female was able to reach a workload of 1200 Kpm 




At all but 300 and 525 Kpm, significant differences 
- '\'lere found when comparing swimmers:'· heart rates at respec...:. 
tive workloads. As was evident during the leg work, the 
men were able to work at a higher workload than the women. 
The highest workload reached by the men was 825 Kpm while 
several women reached 600 Kpm (Figure 10 and 11) (Table 
12 and 13). 
Several male swimmers were able to crank workloads 
exceeding 525 Kpm which was the highest workload achieved 
by one non-swimmer. No significant difference was found 
when comparing the male swimmers with the male non-swimmers. 
Several female swimmers reached a workloadof 600 
Kpm while the highest workload reached by non-swimmers 
was 375 Kpm. A significant difference was found between 
the female· swimmers when compared to the female non-swinuners. 
This difference was not evident at a workload of 525 Kpm. 
The highest workload achieved by a female swimmer was 825 
(Figure 12 and 18) (Table 14 and 20). 
Even though the male swimmers mean recovery time 
(below 100 beats per minute) was a minute longer than the 
female swimmers, no significant difference was found (Figure 
13 and 14) (Table 15 and 16) • 
A mean recovery heart rate of 94.3- was obtained in 
the male swimmers after three minutes of rest while the 
9 
male non-swimmers reached a mean heart rate of 103.8 in 
six minutes (Figure 13 and 20) (Table 16 and 22). A mean 
recovery heart rate of 91.2 was obtained in the female 
swimmers after two minutes of rest while the female non-
swimmers reached a mean heart rate of 100.7 in three minutes 
(Figure 13 and 19) (Table 15 and 21). 
Arm versus Leg Wor~ 
When comparing mean heart rates at respective work 
loads, no significant difference \ivas found between arm 
work versus leg work in male and female swimmers. In all 
cases, workloads were higher during leg work when compared 
to arm work (Figures 22, 23, and 24). The mean heart rate 
recovery" period after leg work was significantly higher 
in both the male and female swimmers (Figures 7, 8, 13 
and 14) (Tables 9, 10, 15 and 16). 
DISCUSSION 
Swim Test 
All of the intercollegiate swimmers tested were rated 
in the excellent category when evaluated using the norms 
of Cooper's 12 minu.te swim test. In addition to the changes 
in cardiac output, stroke volume, vital capacity and total 
hemoglobin count (Eriksson et al., 1971), an altered cir-
culatory adjustment is another specific adaption which 
results from swim training (Holm~r and Astrand, 1972). 
This adjustment includes high venous return which is probably 
due to differences in blood flow through the muscles of 
the arms, shoulders and chest (Dixon and Faulkner, 1971). 
This specificity may explain the fact that a·t a given speed 
a trained swimmer will u,tili,ze .less oxygen than an untrained 
swimmer (Holmer, 19?2). 
A factor which plays an important'role but cannot 
be directly measured is motivation.· Custer and Chaloupka 
(1977) stated, that Cooper has expressed the importance 
of motiv?ltion when 'Comparing;the· results of a 12 minute 
run vJi th maximal oxygen consumption. Subjective observation 
by the investigators in this study showed differences in 
motivation of the various swimmers could have had a direct 
effect on the swim test results. The top swimmer in one 






mvim tests. The coach indicated that some of the swimmers 
were not putting forth a maximal effort. 
Predicted M~ximal Oxygen Uptake 
The function of the Co9per 12 minute swim test is 
to assess an individual's cardiovascular fitness. Cardia-
vascular fitness has been defined as the highest oxygen 
uptake the individual can attain during physical work while 
... 0 
breathing at sea level (Holmer and Astrand, 1972). 
Body weight is an important factor that may affect 
the measurement of maximal oxygen.uptake. This factor 
is important in an indiv~dual's performance because extra 
body weight increases the mass that must be carried by 
the individual when performing most types of exercise. 
However, added-weight while pushing a workload on the bicycle 
ergometer becomes advantageous to the individual thus body 
weight must be computed into the results. 
When the male swimmers were evaluated for milliliters 
of oxygen inspired per kilogram of body weight, these indi-
viduals placed in categories ranging from good to poor. 
When the same individuals were evaluated in liters of oxygen 
consumed, without taking body weight into consideration, 
the results ranged. from excellent to poor. The female 
swimmers rated from excellent to poor in ml o2(Kg/min while 
they rated from excellent to good in liters of oxygen con-
sumed per minute. 
-· --------·----~-
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It appears that the majorit.y of swirruners were at a 
disadvantage when weigh·t was taken into account. in deter-
mining their fitness category. It has been found in pre-
vious studies that sv.rirruners tend to weigh more than other 
athletes. Less effort is needed to support their body 
weig·ht while swimming when compared to other endurance 
athlete at a disadvantage (Holm~r, 1972). 
In this study ·the added weight and strength of the 
male swimmers enabled them to work at a higher workload. 
Because "maximum oxygen uptake probably varies with the 
muscular mass and the ratio of muscular mass to body weight 
should be an important factor in determining the individual's 
" capacity for hard work" (Astrand and Rhyming, 1954), the 
swinuner's body weight was computed into the results. Thus, 
when the female swimmers· "WBI"e compared with the male swimmers, 
the male swimmers displayed a lower average in oxygen con-
sumed in ml/Kg. 
During the testing period, the workload on the bicycle 
ergometer was not immediately increased once the stiliject 
reached a heart rate between 130-140. Several authors 
have found that the best results were obtained when the 
subject reached a steady state \<lith the heart rate between 
C) 
125 and 170 (Astrand and Rhyming, 1954). 
---------~- -~----" 
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In this study, higher oxygen uptake values were obtained 
for the swimmers when working at lower workloads. Previous 
studies have found that even while working at competition 
speeds, swimmers displayed lower heart rates at a given 
oxygen uptake and lower oxygen uptakes when compared t.o 
"" such activities such as cycling and running (Holmer, 1972). 
trained swimmers are more efficient at subma·ximal work 
rates. This may occur because swimmers, as a result of 
" / 
years of training, are better adapted to arm work (Holmer, 
1972). ·It has also been suggested that swimming is such 
a technJcal form of work that it does not make maximal 
0 
demands on the heart (Astrand et al., 1963). These indi-
viduals can swim at given speeds with lower oxygen uptake 
than untrained swimmers. Other highly trained athletes 
such as cyclists and runners do not display this character-
isti.c when compared to non-athletes working at st.lbmaximal 
" work rates (Holmer, 1972). 
A discrepancy exists between the two methods used 
in measuring cardiovascul'.ar fitness. In the swim test~, 
the swimmers placed in the excellent category while in 
the maximal oxygen uptake test on the bicycle ergometer 
the mvimmers varied from excellent to poor. The two activi-
ties performed in these tests involved differences in body 
position, thermal exchange, contracting musculature and 
------------------~· 
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relative skill of the subject in the activity (Magel and 
Faulkner, 1967). Probably the most important factor is 
the different muscle groups and muscle action which is 
involved in swimming versus leg cranking. Leg strength 
is not as vital in swimming as in leg cranking because 
t.he kicking action in swimming serves mainly as a stabilizer 
(Cook and Brynteson, 19 
An insignificant difference in mean maximal oxygen 
uptake was observed between the male and female swimmers. 
Previous studies have shown greater differences in these 
values with the female values only 70-75% that of the male 
0 
values (Astrand, 1978). The major factor which probably 
caused this discrepancy in the results was the fact that 
a majority of the female swimmers were more motivated than 
the male swimmers. 
Arm and Leg Work 
Arm work was tested because the propulsion in swimming 
is provided largely by the arms (Cook & Brynteson, 1973). 
Arm work was done in the supine position which is similar 
_to the swim position so the individual is exposed to similar 
physiological adaptions such as lower perfusion pressure 
in the capillary bed of the muscles being worked. This 
reduces the blood flow and oxygen transport (Hplmer, 1972). 
Tidal volume is also limited in this position because of 
15 
the effects of hydrostatic pressure, increased flow 
resistance, variation of the chest cage position and involve-
ment of the respiratory muscles in the arm stroke (Magel 
and Faulkner, 1967). 
Sitting position was chosen over the supine position 
· in leg work because the maximal load at which the subject 
0 
sitting position (Astrand et.al., 1963). In the supine 
position the subject's knees may limit performance. Little 
difference in the heart rate is present at a submaximal 
work load in different positions. The heart rate in the 
supirie position is the same or slightly lower than cycling 
while sitting (Holmer, 1972). 
The swimmers were able to perform leg cranking at 
higher workloads and for longer durations than arm cranking. 
One factor i.s the.amount of muscle mass that is pushing 
the workload. 
Previous studies have found that maximal oxygen uptake 
is 66% and cardiac output is 80% that found in the same 
subjects v1hen cycling (Stenberg et al., 196 7) • The endurance 
time of the individuals involved in arm work is also consider-
ably lower (50-60%) when compared to leg work (Vokac et 
al., 1975). ·While involved in arm work a great deal of 
energy is expended by the individual to maintain posture 
------~~····--~·~---- ··--· -----
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and stability (Stenberg et al~, 1967). Arm cranking also 
utilizes more energy than cycling because the leg work 
is more efficient (Bobbert, 1960). 
As with leg work, the individuals with a larger muscle 
mass were able to perform more work during arm cranking. 
The male swi~~ers reached higher workloads than the female 
than the non-swimmers. When comparing the swimmers with 
the norms in arm cranking (i.e., the non-swimmers), the 
swimmers did proportionately better in arm cranking than 
in leg work. These results were probably due to the specifi-
city of.swim training. Even though the arm cranking action 
and the swim stroke were not very similar, increased arm 
strength enabled the swimmers to perform higher workloads 
on the bicycle ergometer. 
The swimmers h~art rates during arm cranking were 
also lower than the non-swimmers. This was due to the 
intensive cardiovascular and strength training program 
0 
that swimmers are exposed to (Astrand et al., 1963). Pre~· 
vious studies have found that arm training can markedly 
reduce the heart rate response during arm work (Vokac, 
197 5) • 
The S¥-'immer' s heart rates recovered more quickly fol-. 
lowing·.arm work than following leg work. At this time 
it is not known what factors determine 'recovery rate (Shapiro, 
~-----~---~-~~-
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1976). Because the subjects worked for longer pericds of time 
during the leg work, an increased amount of lactic acid 
was present in the muscles immediately following exercise 
0 
(Astrand and Saltin, 1961). This would result in an increased 
oxygen debt which would lengthen the heart rate recovery 
period. Another factor which may have increased the re-
to vascular flow due to the larger muscle mass of the muscles 
in the legs than in the arms (Magel and Faulkner, 1967). 
Even though all the swimmers tested in the Cooper 12 
minute swim placed iri the excellent category, the same 
individuals when tested in a submaximal stress test placed 
in categories ranging from excellent to poor. When comparing 
the predicted oxygen uptake of the swimmers during cycling 
on a bicycle ergometer with the number of laps completed 
in nine, six and three minute swims, no positive correla-
tion could be found. The S\'limmers a:lso performed higher 
workloads at lower heart rates __ when compared to non-swimmers 
during arm cranking. These variations were due to the 
specificity of swim training and the motivation of the 
individuals involved in the study. Another factor that 
may have affected the results was the use of a submaximal 
. 
test to determine the maximal oxygen uptake. This type 
of test is only ±15% as accurate as directly calculated 
., 
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TADLE 1 
Mal<:-~ and Female Swim Tef:;t. Performances _, ___ , _______ ,. 
,..._,..,. _____ ... ~--...--
-----~ 
Swim Test Distances 
Female Male 
3 6 9 12 3 6 9 12 __ ,..._..._..__ .. _.,...... .. ,.. _ _.. 
11.00 20.00 30.00 40.50 12.00 22.50 31.00 44.25 
11.00 21.50 31,00 42.50 11.75 21.50 32.50 44.50 
l Q_Jl() 19 • Qf~~-!:,__Q__l-~22--.J.JD----3-2 • 5-0----.-1~ -
11.00 20.75 30,00 40.75 12.25 23.25 36.00 46.50 
10.50 19.75 29.50 39.50 11.25 20.00 31.00 42.66 
11.00 18.50 29.50 39.50 11.25 22.50 33.00 42.50 
11.25 21.00 31.00 41.00 10.00 20.00 30.00 42.66 
11.00 21.00 30.00 3.9. 75 12.00 24.00 35.25 42.50 
11.00 21.00 31.00 39.00 11.25 21.75 32.50 41.66 
11.00 20.25 31.50 41.50 11.50 21.00 31.00 41.50 
11.00 21.00 33.00 40.00 
CorrE-~lation Values ( r) - Swim rrest plus ml/J<g/min 
Female Male 
----~----
.227 .018 -.334 -.374 .249 .131 .055 -.359 
~------ ---~-------- ---------- - --~---~-------- -------~ 
TABLE 2 
Male and Female Fitness Categories 
------------··--------A·---------------------------------------------------
Female Male 
Predicted Fitness Category Predicted Fitness Category 
(ml/Kg/min) ~ol/I<g/min) 12 min (ml/Kg/min) G;tl/Kg/min) 12 ~1in 
swim sw1m 
,__---..-.,~ 
44.63 good excellent 37.91 very poor excellent 
39.15 fair excellent 45.33 fair excellent 
]9.78 fair PY...ce-1~1---e-!'"1 t 4 3-.-8--1 fa-i-r ~"'?G-e-l-J~e.~ 
37.84 fair excellent 37.91 very poor excellent. 
52.73 excellent excellent 49.56 fair excell em': 
49.10 excellent excellent 37.36 very poor excellent 
50.43 excellent excellent 48.28 fair excellent 
46.65 good excellent 56.29 good excellent 
60.43 excellent excellent 43.63 fair excellent 
48.18 good excellent 40.95 poor excellent 
48.30 fair exceLlent 
Norms for Fitness ~ategories 
Female Male 
Category (ml/Kg/min} 12 min (ml/Kg/min) 12 min 
Swim Test Swim: Test 
.. ~. 
excellent 57 28 49 32 
good 52-56 24-27 44-48 28-31 
fair 44-51 20-23 35-43 24-27 
poor 39-43 .16-19 29-34 20-23 
very poor 38 18 28 19 
TABLE 3 
DATA FOR FIGUHE 1 
~~I· A -~----~-......-.- ... ~ 
Nean 2 X' s 
the 
Workload Standard Standard Fitness 
(Kpm} 
ml 02 per deviation Error of Category Kg per min the Mean 
--~...-...:."¥',:\~ 
600. 52.75 14.42 11.77 5 
750 49.90 9,52 6.35 5 
s--'£5 44.62 7.36 6,00 4 
900 43.06 6.01 4.00 3 
975 45.15 3.85 3.85 4 
1050 41.58 2.90 2.37 3 
'l'ABLE 4 
DATA FOR FIGUHE 2 _ .... ___,._._ ---
}lean 2 x•s the Workload Standard Standard Fitness 
(Kpm) ml 02 per deviation Error of Category Kg per min the Mean 
-- ~~--
600 47.35 4.74 6,70 4 
750 49.42 6.89 6.16 4 
825 44.03 5.30 7.50 3 
900 49.53 8.30 5.54 4 
975 42.73 5.05 5.06 3 
1050 45.43 9.88 5.96 3 
1125 40.00 5.21 3.68 3 
1200 42.82 7.86 4.98 3 
1275 43.20 6.93 5.69 3 
1350 43.08 5.70 5.10 3 
1425 43.05 5.81 5.81 3 
1500 44.20 4.70 5.43 3 
TABLB 5 
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2 X's the 
(Kpm) Heart Rate deviation 
Standard 
(beats/min) Error of 
the Nean 
..__Qtt-=w>-- 4W ----
600 113.4 7.63 4.60 
750 121.1 9.95 6.00 
825 141.0 1.41 2,00 
900 135.1 11.56 6.97 
975 151.6 5.68 5.08 
1050 148.8 15.15 9.14 
1125 162.8 10.11 7.15 
1200 162.0 14.83 9.38 
1275 166.3 12.82 8.78 
1350 165.6 8.68 7.76 
1425 168.5 7.94 7.94 
1500 172.0 6.56 7.57 
-- ~-~---~--~-~ -~------
'l'ABLE 8 
DATA FOR FIGURE 6 
--------------------------------------- ------------------
Workload Mean 
(Kpm) Heart Rate 
(beat.s/min) 










































































DATA FOR FIGURE 8 
Mean 
Standard 
2 X' s the Ninutes Recovery Standard of Rest Heart Rate deviation Error of after WorJ<: (beats/min) the Mean 
1 129.2 8.16 4.92 
2 114.3 9.38 5.66 
3 106.9 5.53 3.50 
4 102.4 8~28 5.85 
5 102.0 5.37 4.38 
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'rABLE 15 
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· Figure 4. Mea.'1 heart rate (lreats/minute) of female swimmers at various workloads (Kpm) cycling on the 
bicycle ergomrter. 
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Mean heart rate (b,~ats/minute) of male and female swimmers at vario"J.s workloads (Kpm) cycling 
on the bicyclelergometer. 
.l. U,.-J.LL.L <.lLILL:lJ,llli.JJ.lWIJ,!..U~.L!.IIL•I•l !Ull.L,,....LJ, • 1 
J. ~ L 'I 'llflliLIIIllliDWiiUil~lllll:IUillllll~ · II I I 
·rli~~IIII'I·.·!J '',II 'll"ll·.ilr.di:t!Hiill:Jiii·Jll!llliillt.ili!t~ 1i.JI :.ll.i:Hlilll 
160 
150 









- 0 I <I> l +" 110 I a .... ~ w +" 100 <II 0 <I> 
.0 ...._. 0 













2 3 4 5 6 7 
Minutes of rest after work on bicycle ergometer. · 




































I 0 0 i f 0 0 
0 
I 
oiii~...-JUII•'II 1'11 ILI'II .llJ:llllll~;:lUIILlllll.IWllUIII.UIIll~ II:JI :.JIIIIIIIll 
:1:- range 
)(-mean (x) 
I- X± 2SX 
I 
J I - ! I ---- __ l____ I _J 
·j' I I •W&F i ¥9 'f*A* $/{I t *&4494 'f* $"' • i"i'EiJ 
2 3 4 5 6 7 8 
Minutes of' rest af'ter l.York on bicycle ergometer. 






X- mean (x) 
I 0 l-x±2SX 
























40 JL'Mii·¥+%¥#4f#!:WW-+M%&¥¥ mw•t. Ys+mmw• tr~ #MWR'~WW i~li#d~ 
1 l2 3 4 5 6 7 8 
Figure 9. !lie an 
Minutes of rest a~ter work on the bicycle ergometer. 
recovery hear rate (beats/minute) of male and female swiwmers following cycling on the 
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Figure 10. Mean heart rate (i~eats/minute) of female swimmers at various workloads (Kpm) ~rhile arm cra.11.king 
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Figure 12. Mean heart rate (~,eats/minute) of male and female s1vimmers at various workloads (Kpm) while arm 
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Minutes of rest after ~ork on the bicycle ergometer. 
Figure 13. ~~ean recovery ~art rate (beats/minute) of female swimmers follov;ing arm cranking on 
bicycle er5 imeter. . 
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Figure 14. Mean recovery he~rt rate (beats/minute) of male swimmers following arm cranking on 
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Minutes of rest after work on the bicycle ergometer. 
Figure 15. Mean recovery he~rt rate (beats/minute) of male and female swimmers following 
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Figure 17. !l:ean heart ratel (beats/minute) of male non:...m-rimmers at various workloads (Kpm) while arm 
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Figiire' 18. Mean heart rate (~eats/minute) of male and female non-swimmers at various vmrkloads (Kpm) while arm 
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Minutes of rest· after work on the bicycle ergometer. 
Mean recovery hec!Lrt rate (beats/minute) of male non..,;,swimmers followine arm cranking 
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Figure 21. Mean recovery ~eart rate (beats/minute) of male and female non-swimmers following arm 
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Figure 24. l>!ean heart rate !;beats/minute) of male and female swimmers at various workloads while 
cycling and trm cranking on the bicycle ergometer. 
